Basic Exchange It has long been known that when a portion of soil is shaken with a neutral salt solution, much of the cation of the salt is removed by the soil and other bases are given up to the solution in exchange.l This exchange is found to affect the cation only; the concentration of the anion remains the same except where secondary reactions take place.2 Such extracts have been found to contain most of the bases known to be present in soils: manganese, aluminum, iron, calcium, magnesium, potassium, sodium.
Most of the earlier investigators believed that the quantity of base adsorbed by the soil was equivalent, or nearly equivalent, to that passing into solution. These conclusions were based upon partial or complete analyses of the bases present in solution before and after contact with the Others have believed that the exchange was not quite equivalent. Henneberg and Stohmad were in doubt as to whether substitution in chemically equivalent amounts had taken place. More recently, Parker5 concluded from analyses of extracts prepared by treating soils with potassium chloride and potassium acetate solutions that the base was adsorbed to a little greater extent than it was liberated by the soil, and that the excess of anion should be accounted for by the presence of the corresponding acid. With some artificial Thompson: Jour. Roy. Agr. SOC., 11, 68-74 (1850) ; Way: Ibid., 11, 313-379 (1850) ; 13, 123-143 (18.52).
* Ehrenberg: Landw. Jahrb., 38, 857-861 (1909) . m'ay: see above; Peters: Landw. Vers. Stat., 2, 113-145 (1860); Rautenberg: Jour. fiir. Landw., 7, 49-66, 405-554 (1862) ; van Bemmelen: Landw. Vers.
Stat., 21, 135-191 (1877) ; Sullivan: r. S. Geol. Survey, Bull. KO. 312 (1907) ; and others.
4 Jour. Landw., 3, 2 5 (1859). 5 Jour, Ind. Eng. Chem., 6 , 831-835 (1914) .
silicates and minerals it has been found there is more base given up to the solution than is ads0rbed.l In nearly all cases these extracts react acid to phenolphthalein, and require considerable quantities of alkali to bring them to an endpoint with this indicator.? Veitch3 prepared extracts of soils by shaking with sodium chloride solution, and was led to believe "that there is no setting free of appreciable quantities of hydrochloric acid-but that the aci.dity of the filtrate (or that acidity which is greater than would be given by water under the same conditions) is due to the solution of alumina or some other acid-salt yielding base." He says further: "It appears that the hydrated neutral silicates or aluminates are quite strongly attacked by the salt solution, resulting in the replacement of aluminum by sodium, or a breaking up of the compound, and a consequent formation of an acid solution of aluminum chloride, the titration of which, with alkali, constitutes the apparent acidity." Many have noted the presence of aluminum and iron in such extracts and generally have reached similar conc l u s i o n~.~ Cameron; and Harris6 disregard this basic exchange, and attribute the acidity of extracts prepared by shaking soils with neutral salt solutions to the predominant removal of the base from the solution leaving the acid free.
Previously, then, it has been generally agreed that there is an exchange of bases between the soil and salt solutions LViegner. Jour. fur Landw., 60, III-Ijo (1912); Dittrich: Mitt. grossh, bad. geol. Landesanstalt, 4, 341 (1903) .
* This fact has been made the basis for methods of determining acidity in soils. Hopkins, Knox and Pettit: Bur. of Chem., Bull. No. 73, p. 114 (1903) ; Loew: Porto Rico Sta., Bull. No. 13 (p. 7 ) ; Jones: Am. Fert., 39, S o . 11, 28-29 (1913) .
Jour. Am. Chem. SOC., 26, 637-662 (1904 in contact. Some have concluded from analyses made, that the exchange is chemically equivalent, and that the acidity of extracts thus prepared is due to aluminum and iron compounds. Others h u e belie\-ed that soils and minerals (those called "acid") adsorb more base from the solution than is given back to it, and that there is free acid in proportion to the excess of anion. Quite recently, Bogue' states:
'' It has been repeatedly proven that the base liberated by the soil is usually not nearly equivalent to the base adsorbed from the solution." As the total quantity of elements involved in basic exchange is small, and as errors in the chemical analysis of such small quantities are great, it seems impossible to judge in this way how nearly a true basic exchange takes place between soil and solution. It was thought that observations of hydrogen ion concentration of such soils extract might lead t o some conclusions in this direction.
Experiments were carried out on a number of soils collected from various parts of Xew Pork State. Thirty-three gram portions of soil were shaken with IOO cc of normal potassium nitrate solution, allowed to stand over night, and filtered. Upon the filtrates the following determinations were made : ( I ) hq-drogen ion concentration by the indicator method of Sorensen;2 ( 2 ) a portion of the solution was boiled, cooled, and made up to the original volume with boiled distilled water, and the hydrogen ion concentration determined at once; ( 3 ) titration of a 2 j cc portion with ,I: j o KaOH; 14) qualitative determination of the bases present ; ( 5 ) the lime requirement by the Veitch method is recorded in terms of pounds CaO per acre.
Hydrogen ion concentration is expressed as the logarithm of the normality factor of the actual concentration of hydrogen ions, the negative sign being understood. (See Walpole.) Elements present in greatest quantities are indicated by italics. Soils are tabulated in order of hydrogen ion concentration of the unboiled extract. Mn, A1 Calcium and magnesium were found in considerable quantities in extracts from both the more acid and less acid soils.
Much aluminum was present in extracts from soils of the highest acidity. Rather large quantities of manganese were found in several cases. Iron was never detected, and sodium was not tested for.
A study was next made of the hydrogen ion concentration of the nitrates of manganese, aluminum, calcium and magnesium in normal potassium nitrate solution, to find if the behas-ior of the above soils extract could not be accounted for by the presence of these substances alone.
The exponent of hydrogen ion concentration of a normal solution of potassium nitrate in boiled distilled water is about 6 0 .
One-tenth percent of calcium or magnesium in the form of nitrate dissolved in normal potassium nitrate gave hydrogen ion concentations between that of pure distilled water and normal potassium nitrateabout 6 7--when fresh, and upon long standing became slightly more acid. A fresh solution of manganese nitrate in normal potassium nitrate had a similar hydrogen ion concentration, but on long standing it became very much more acid and a t the same time a brown precipitate of manganese oxide (?) appears : One-tenth percent manganese nitrate in normal potassium nitrate gave exponents of hydrogen ion concentration: when fresh, 6 j; after three days, 5 . 8 ; after five days, 4 8 ; after eight days, 4 7 ; after sixteen days, 4.7.
Only traces of alkali are necessary to bring fresh solutions of calcium, magnesium, or manganese nitrates to the neutral point with phenolphthalein, and the hydrogen ion concentrations are greatly affected by the presence of traces of base or acid. TJpon boiling arid cooling these solutions, the hydrogen concentration is but very slightly changed ; they usually change a little towards the alkaline side.
Considering these facts, we must conclude that the high hydrogen ion concentration of soil extracts prepared as above cannot be accounted for by calcium, magnesium or manganese nitrates in solution. Also, there must be another agent present that requires alkali for neutralization to phenolphthalein.
(Absolute neutrality is about 7 I .) Aluminum salts in solution are known to hydrolyze strongly with the formation of hydrated aluminum oxide and the acid corresponding to the anion of the salt. As hydrated aluminum oxide scarcely ionizes, there will be present in solution but little hydroxyl ion, while there will be very much more hydrogen ion, and in quantity depending upon the extent of hydrolysis of the salt and the strength of the acid. Therefore, to indicators, such as neutral red, paranitrophenol, litmus, etc., which indicate end points near absolute neutrality, such solutions react acid.
This hydrolysis proceeds until an equilibrium point is reached, where the acid begins to combine with the oxide again. In the above table the effect of boiling is seen to increase the hydrogen ion concentration of the more dilute solutions. Either the equilibrium is displaced towards the side of greater hydrolysis, or, it is possible that there is some coagulation of the aluminum oxide portion, removing from solution hydroxyl ions, and thus leaving a higher concentration of hydrogen ions. This increased hydrogen ion concentration is not permanent, however, but eventually comes back to the figures obtained on the unheated solution; i t was found, too, that the hydrogen ion concentration of the unboiled portions does remain constant. Aluminum nitrate solutions in normal potassium nitrate were prepared, ( I ) containing 0 . 0 1 percent aluminum, ( 2 ) 0 . OOI percent aluminum. Portions of both solutions were boiled and cooled (~a and 2 a ) . Determinations of hydrogen ion concentration gave the following results:
At beginning After five hours -4fter one day After two days After eight days After fifteen days 3 . 9 3 . 9 3 . 9 3 . 9 3 . 9 3 . 9 3 . 0 3 . 4 3 . 7 3 . 8 3 . Since solutions of salts of calcium, magnesium, and manganese nitrates did not show this phenomenon of increased hydrogen ion concentration by boiling, such behavior in soil extracts must indicate the presence of aluminum. In soils [14] [15] [16] [17] [18] [19] [20] [21] [22] it is seen that no test was given for aluminum by the ordinary qualitative methods, yet it must have been present for this reason.
As the acid resulting from the hydrolysis of aluminum salts is neutralized by alkali, further hydrolysis takes place, and the process continues until all the acid is combined with alkali and all the aluminum is in the form of hydrated aluminum oxide. Titrating in this way with standard alkali, using phenolphthalein as indicator, the whole quantity of acid in combination with aluminum may be quite accurately determined. This is the basis for methods determining by titration the quantity of aluminum in solution as salts of aluminum, and is accurate, provided alumina and acid are present in equivalent quantities.
If, however, either alumina or acid is present in slight excess, the requirement of alkali varies but little, while the difference in hydrogen ion concentration will be found to be con-. The results obtained in all these experiments are plotted in Fig. I ,-cc of sodium hydroxide required against exponent of hydrogen ion concentration. Crosses are used to indicate points of the aluminum nitrate solutions, and circles for soils. Points representing aluminum nitrate solutions are joined in curves: A, containing N,/2000 sodium hydroxide; B, containing no acid or alkali; C, containing N, IOOOO nitric acid.
In general, the acid soils fall near the curve for aluminum nitrate. With one exception (Soil 3 3 ) , therefore, the acidity of these extracts may be accounted for by the presence of nitric acid in solution with equivalent quantities of alumina, or aluminum nitrate, alone. In no case could there be present excess acid to the extent of more than X 10000, as a solution with this quantity of nitric acid will always have a hydrogen ion concentration of 4.0, and yet more if there are present appreciable quantities of aluminum. Extract from soil number 33 was so acid in reaction that the presence of water-soluble acid was suspected. It was found by shaking portions of this soil with water, filtering, and boiling the filtrate to expel carbon dioxide, a decidedly acid extract was obtained. The exponent of hydrogen ion concentration was found to be j 3 ; 2j cc of the solution required 0 . 6 cc N j o S a O H . All other acid soils tested in this way gave water extracts with hydrogen ion concentrations differing but little from that of boiled distilled water,-in most cases a little toward the alkaline side. They also required but traces of alkali to make them alkaline to phenolphthalein indicator.
TTe must conclude that there is at least as much base in these extracts as there is acid. From this it follows that there is as much base given up as is adsorbed by the soil.
On the other hand, it seems that in more cases soils fall on the basic side of the aluminum nitrate curve, though in only one case (Soil 24) is there more base than Ai 2000.
Soil 24 was high in organic matter and yielded an extract of brownish color, evidently due to a partial solution of this organic material. Extracts from other soils were practically colorless.
It seemed possible that this organic material might in some way influence the hydrogen ion concentration results, and from the following experiment, it seems that this is the case: A solution was prepared by extracting I O grams of muck with zoo cc of boiled distilled water, and filtering. I n the filtrate was dissolved enough potassium nitrate to make it of normal concentration. This solution was free from suspended matter, but quite brownish in color. The exponent of hydrogen ion concentration was found to be 6 . 2 . Fifty cc of this solution were mixed with 50 cc of o ooz percent aluminum as aluminum nitrate. The hydrogen concentration of the resulting mixture was 4 . 7 , while that of a 0 . OOI percent aluminum solution was 4. 5 . The organic matter, which is more or less colloidal in nature, may be interfering with the cilorimetric method for the determination of hydrogen ion concentration-by adsorbing part of the indicator or by affecting the shade produced in some other way; or, it may be actually decreasing the concentrations of ions-by forcing back the dissociation of the acid or by adsorbing hydrogen ions from the solution.
Some mucks were tested in a manner similar to that used on the mineral soils Ten to fifteen gram portions were shaken with IOO cc of normal potassium nitrate solution, allowed to stand over night, and filtered. These filtrates were so dark in color that it was impossible to make accurate measurements of hydrogen ion Concentration. I t was quite evident, however, that there was smaller concentration of hydrogen ions than should be expected from the quantity of alkali required. Should these points be plotted, they would fall well on the basic side of the aluminum nitrate curve. Again, the organic matter is affecting the hydrogen ion concentration determination.
Basic exchange takes place extensively in muck soil, seemingly more so than in mineral soils. Calcium and magnesium, aluminum and manganese, were all found. Calcium and magnesium seemed usually to pred0minate.l Hydrogen ion concentration of water extracts from mucks were not far from absolute neutrality,-a little on the acid side. One muck was found, differing from other mucks similarly as Soil 33 differed from other soils of that class. The water extract of this one yielded a hydrogen concentration of 4 7, and 2 5 cc required 2 o cc of S j o sodium hydroxide for neutralization with phenolphthalein.
The figures for lime requirement by the Veitch method increase with the hydrogen ion concentration results quite regularly. This was hardly to be expected, since the two processes depend upon entirely different factors. Adsorption of lime by soils is occasioned especially by the colloidal organic matter, while acidity yielded to salt solutions by soils involves basic exchange, principally with the mineral part. Yet this may be accounted for by assuming that the organic portion of soil removes preferably calcium and magnesium from the mineral part, leaving the less basic elements, as manganese and aluminum. Basic exchange, then, in soils high in organic matter may necessarily involve the ex-traction of aluminum to a greater extent than soils low in organic matter.
Many soils are found that J-ield extracts with hydrogen ion concentrations less than that of normal potassium nitrate solution, and even less than that of pure water. (See Soils I , 2 , 3, etc.) Such soils are evidently yielding up to the solutions excess of base; however, it is possible that this excess of base is entirely water soluble, and that, after all, the actual basic exchange is chemically equivalent. Soil S o . I was shaken with boiled distilled water and filtered. The exponent of hydrogen concentration of the filtrate was found to be 7 8, and upon boiling it became alkaline to phenolphthalein (about 8 5).
Sorensen in his original paper pointed out that the colorimetric method for the determination of hydrogen ion concentration gave more or less erroneous results when other substances were present in the solution. It may be that potassium nitrate, calcium nitrate, magnesium nitrate, manganese nitrate, aluminum nitrate, colloidal i >) aluminum oxide, etc., interfere with accurate measurements to some extent. At any rate, the results may be considered comparatively, for the errors entering into the determination of hydrogen ion concentration of soil extracts will also be found in the solutions made up to approximate them. The conclusions reached, therefore, should not be invalidated on this account.
The way in which soluble organic matter may interfere has been already mentioned.
It is seen that the so-called "acidity" of soils is of a nature different from that usually considered. The infertility of such soils seems not to be occasioned by the lack of bases and the consequent existence of true acid hydrogen, neither should However, in a previous experiment, hydrogen ion concentration of solutions containing N , 10000 nitric acid, aluminum nitrate, and potassium nitrate was found to be 4.0 when only small quantities of aluminum were present. This is, of course, what N/~oooo nitric acid should run, provided there is complete ionization. It seems, then, that neither aluminum nitrate nor potassium nitrate interfere under ordinary conditions. it be accounted for fundamentally by a capacity of the soil for strongly attracting base, either free or from neutral compounds, although this latter phenomenon is found; but it is probably due in a great measure to loose combinations (perhaps of the nature of adsorption compounds) of relatively large quantities of the weak bases, as aluminum, compared with the quantities of the stronger bases, as calcium, magnesium, etc. If the stronger bases are present in considerable quantities, the weaker bases are prel-ented from becoming a factor in determining the character of the soil solution, and the soil is good. If the reverse is true, the soil is probably of low fertility .
Another experiment may be mentioned in this connection: Soils 26 and 30, which respond strongly to all the usual tests for soil acidity, were shaken with three times their quantities of N 100 nitric acid. This strength of acid was found to have an exponent of hydrogen ion concentration of 2 . 0 . After contact with the soils both extracts gave as hydrogen ion concentration-3.8; 2 0 cc of No. 26 required 2 2 cc h T 5 0 sodium hydroxide, and of No. 30-3 5 cc. Extract fromSoil 26 was found to contain large quantities of aluminum, manganese, and small quantities of magnesium and calcium, and from Soil go-much aluminum and manganese with a very little magnesium. Hence, even acid" soils may neutralize acids to some extent. Whether or not, in addition, some of the acid was adsorbed by the soil was not determined.
Further experiments along these lines are contemplated.
Conclusions
When so-called "acid" soils are shaken with salt solutions, part of the cation of the salt is adsorbed, and an equivalent quantity of bases from the soil is given up to the solution.
The extracts, thus obtained, show greater acidity than that of the salt solutions themselves. This can be accounted for bq-the fact that one of the bases present is aluminum which does not securely hold its share of the acid, but through hydrolysis, hydrated aluminum oxide is formed along with equivalent quantities of free acid. The former being slightly ionized, possibly in a colloidal condition, and the latter more or less strongly ionized, the resultant solution is quite acid.
Acid soils rarely contain water-soluble acid ; but one case of mineral soil and one of muck soil was found that did yield an acid to water.
Basic soils (as distinguished from "acid" soils) gave up to salt solutions more base than is adsorbed. But as they are also found to give up to water quantities of base sufficient to produce solutions of alkaline reaction, this should not be considered entirely a phenomenon of basic exchange, but of simple solution of the excess of base.
The writer wishes to acknowledge his indebtedness to Professor Wilder D. Bancroft for valuable suggestions and advice.
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